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Abstract: Diurnal subperiodicity of W., bancrofti in Western Samoa has been confirmed 
using the statistical method proposed by Aikat and Das (1977). The peak hour was 
16:30 (4:30 p.m.) and the periodicity index was about 35. Low-density microfilaraemia, 
which gives low and sporadic positive counts by the 60c.mm finger—prick method, showed 
a clear periodicity identical to that of high-density microfilaraemia when examined by 1 
ml Nuclepore filtration method CNP method). - 

In Western Samoa, the time of blood collection should be fixed from 13:00 to 20:00 
hours, During this period, the probability of detecting low-density carriers using 1 ml 
NP method is nearly the same as that deriving from examination at the peak hour, and 
the microfilarial. count is 90—100% of the peak hour count. 

The periodicity curves from an Ae. polynesiensis-dominant village and an Ae. 
samoanus-dominant village were compared, Although the curve from the latter village 
showed a later peak hour and a smaller periodicity index, and the two curves differed toa 
degree that was statistically significant but it was not possible to draw any biological 


conclusions from this result, 
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INTRODUCTION 


-= Wuchereria bancrofti in Western Samoa is generally held to be a diurnally subperi- 
-odic parasite whose microfilariae reach a maximum count in the afternoon (McCarthy, 
1956). After several mass control campaigns using diethylearbamazine citrate (DEC-C), 


the persistence of considerable number of carriers with low-density C-d) microfilaraemia, 
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which might not be detected by the conventional 60 c.mm finger—prick blood smear method 
(FP method), necessitated the employment of more sensitive Nuclepore membrane filtra- 
tion method (NP method) which uses 1 ml of venous blood. In using the NP method 
it was found important to determine microfilarial periodicity accurately in Western Samoa 
in order to know how much the periodicity influence the detection. of l-d carriers, and to 
select the best time for blood collection. In addition, since some villages are mainly 
exposed to transmission by Aedes polynesiensis (a day-biting mosquito) and others to Ae. 
samoanus (a night-biting mosquito), it was also important to compare the periodicity of 


the parasites in these two entomological environments. 


MATERIALS AND METHODS 


The first study, in an Ae. polynesiensis-dominated environment, was carried out on 
nine microfilariae positive volunteers from Vailuutai village and Vaipapa plantation on 
Upolu Island. Each volunteer was examined every 2 hours for 24 hours by the 1 ml NP 
method following Shibuya et al. (1977) and by the conventional 60 c.mm FP method. 
One examination at 01:00 hours was omitted, but to fill in this blank data point, the 
average count between 23:00 and 03:00 hours was computed for each volunteer and used 
as the estimated microfilarial (mf) count at 01:00 hours. 

Based on the results obtained, these nine microfilariae carriers were later cate- 
gorized into two groups.- 

Gi) a high-density (h-d) microfilaraemia group; 

Gi) a low-density (-d) microfilaraemia group, 

| During the course of the blood examination, it was found that the NP method was 
not suitable for the h-d microfilaraemia group because some samples contained too many 
microfilariae for accurate counting. Thus the NP method was thereafter applied only to 
the l-d microfilaraemia group. 7 | | 

The second study was performed on five volunteers from Luatuanuu village, an Ae. 
samoanus-dominated environment, on Upolu Island. They were examined by the 60 c.mm 
FP method only but the 01:00 hour examination was included. 

Details of the volunteers’ age and sex are given in Table 1 along with their DEC-C 
treatment history and duration of stay in the village. 

The dominancy of vector species was determined based on the results of biting 
density study carried’ out by Samarawickrema et al. (in manuscript) throughout 1978. 
At Vailuutai, the number of bites per man per year of Ae. polynesiensis was 150, 268 
(outdoor collection) and that of Ae. samoanus was 12,145 (indoor collection). A similar 
Ae. polynesiensis dominance was observed at Vaipapa. At Luatuanuu, the biting densi- 
ties of Ae. polynesiensis and Ae. samoanus were 35,344 and 168,667 respectively. 

Aikat and Das’ method (1977) for analysing periodicity curves was used to calculate 


the peak hour (k) and periodicity index (D) for each group, and the: periodicity curves 
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Table 1. . Description of the fourteen volunteers examined for microfilarial 


periodicity 
Case No, Sex Age se Village - rena Years of stay 
1 F 19 -o Vailuutai — 1978 incomplete 19 
9 M. 15 4 | none as 15 
a F 43 yg ~~ * 1971 incomplete — © >y ee ae 
4 M 42 G, = 1971 complete* more than 10 
5 M 36 a 1965 incomplete — 6 
6 M 20 Boao .— none l l 20 
7 M 49 4 1978 incomplete , 49 
g M 34 Vaipapa none = 34 
9 M 20 yy none. , 20 
10 M 30 Luatuanuu 1969 incomplete 30 
11 M 28 | “ . none 20 
12 M 29 A none 15 
13 M 38 4 none 14 
14 M 20 l “4 | none | l 20 


* “complete” means the completion of a course of DEC-C treatment at the total 
dosage of 72 mg/kg. 


~ 


from Vailuutai and Luatuanuu were tested for equality. 


RESULTS 


The results of the blood examination are shown in Table 2. In Vailuutai and Vai- 
papa, cases No. 2, 3, 5, 6, 8 and 9 were regarded as the h-d microfilaraemia group and 
cases No, 1, 4 and 7 as the l-d microfilaraemia group. 

The peak hour (k) and periodicity index (D) calculated for eet group were as 
follows ; | 

the h-d group: k=16.54 (4:32 p.m.), D=35.31 

the I-d group: k=16.51 (4:30 p.m.), D=33.01 

Luatuanuu group: k=18.89 (6:54 p.m.), D=21.49 
The F values which test the significance for a parameter (a) not equal to zero were 116.7, 
14.15 and 43.37 respectively for the h-d, l-d and Luatuanuu groups. These values are 
greater than the theoretical 1 percent F value with 2 and 9 degrees of freedom (= 
8.02), suggesting that these periodicity curves are harmonic. E 

The equality of the periodicity curves obtained from Ae. polynesiensis-dominated 
(the h-d group) and Ae. samoanus-dominated (Luatuanuu group) environments was com- 
pared. The relative periodicity curves were first calculated for the. two groups using mf 
counts converted into percentages of the total count of each group. They are expressed as 


follows a. 
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Table 2. Results of the two-hourly blood test conducted with 14 volunteers classified 


under three groups 


High-density microfilaraemia Low-density microfila— 


group (Vailuutai and Vaipapa) raemia group (Vailuutai) Luatuanuu group 
Hours Case number Case number Case number 
ae al ee Stal ee es Tera 
2 3 5 6 8 9 1 4 7 10 11 12 13 14 
1100 77 85 168 93 23 37 483 1 1 1 3 93 46 37 115 6 297 
| | ao @) GO Ue) | 
1300 80 74 188 91 35 38 456 1 2 0 3 106 71 69 74 10 330 
| (19) 1) G0) ao | 
-1500 103 83 170 147 45 £44 592 2 0 1 3 119 87 65 60 9 340 
| (23) (8) G9) GO 
1700 75 57 #186 217 385 42 562. 2 1 6 9 138 92 105 65 12 42 


GA m) G46) (7) 


1900 104 72 156 181 42 42 597 0 5 5 10 117 70 96 85 10 378 
CO) (13) (23) (86) 


2100 83 68 154 129 47 32 513 1 1 0 2 141 91 88 53 10 383 


(10) G2) CD 43) | | 

2300 63 54 91 107 19 39 373 0 0 2 2 101 58 112 80 11 362 
, | CO) 25) dé) Gl 

0100* 49 48 100.5 87 20 31.5 336 o0 0 15 15- 92 71 109 60 9 341 

6) a2 a) G l 

0300 35 42 110 67 21 24 29 0 0 1 1 93 76 59 53 7 288 
. | dio) ©) a2). GL 

0500 42 57 81 66 17 13 276 1 0 1l 2 73 60 116 17 3 269 
(3) aO A7) 

0700 47 45 124 52 27 17 312 2 0 3 5 67 46 44 43 5 205 
| (8) “© (© dé 

0900 68 74 90 91 33 32 388 1 0 1 2 105 80 61 55 7 308 


a2 aO © QD 
C ) : counts determined by Nuclepore filtration method using 1 ml of venous blood: 
The other counts were by 60 c,mm finger-prick smear method. 


* counts at this hour are estimated ones — see text, 


the h-d group 

y (h) = 8.33—1.10 cosl5h—2.73 sinl5h --- (1) 

the Luatuanuu group 

y (h) = 8.33+0.415 cosl5h—1.74 sinl5h --- (2) 

Therefore the theoretical combined curve is ; 

y (h) = 8.33—0.343 cosl5h—2.24 sinl5h --- (3) 
Curves (1), (2) and (3) give the theoretical two-hourly mf counts which are shown with 
the observed counts in Table 3. The equality is tested by using the formula; 

F= ((R1?—R0*)/3)/(RO?/(2n—-6)) 
where R1? is the residual sum of squares due to combined regression and RO? is the re- 
sidual sum of squares due to separate regression, 


The result shows that the F value was 7.36, hich is greater than the 1 percent 
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Table 3. Test for equality of periodicity curves from Ae. polynesiensis-dominant 
village (high-density microfilaraemia group) and Ae. samoanus—dominant 


village (Luatuanuu group) 
A 
High-density microfilaraemia group Luatuanuu group _ Combined 


mf count mf count* mf count 1) mf count mf count* mf count 2) mf count 3) 
1100 483 9.31 8.69 297 7.59 7.48. 8.08 
1300 456 8.79 10.10 330 8.43 8.38 9.24 
1500 592 11.41 11.04 340 8.69 9.27 © 10.16 
1700 562 10.83 11.25 412 10.53 9.90 10.58 
1900 597 11.51 10.68 378 9.66 10.12 10.40 
2100 513 9.89 9.48 383 9.79 9.85 9.67 
2300 373 7.19 7.97 362 = 9.25 9.18 8.58 
0100 = 336 6.48 6.56 341 8.71 8.28 7.42 
0300 299 5.76 5.62 288 7.36 7.39 6.50 
0500 276 5,32 5.41 269 -6.87 6.76 6.08 
0700 312 6.02 5.98 . 205 5,24 6.54 6.26 
0900 388 7.48 7.18 308 7.87 6.81 6.99 
Total 5187 99.99 99.96 3913 99.99 99,96 99.96 


* percentage to the total microfilarial count of each group. 
1), 2) and 3) : calculated respectively from p 3 
y (h) = 8.33 — 1.10 cos 15h — 2.73 sin 15h 
y Ch) = 8.33 + 0.415 cos 15h — 1.74 sin 15h and 
y Ch) = 8.33 — 0.343 cos 15h — 2.24 sin 15h, 


Ji 


F value with 3 and 18 degrees of freedom (F=5.09). Thus the two periodicity curves 


are considered different statistically. 


DISCUSSION 


= Wuchereria bancrofti in the South Pacific shows a microfilarial periodicity generally 
called diurnally subperiodic. Sasa and Tanaka (1972, 1974) successfully introduced a 
harmonic wave model to analyse microfilarial periodicity and confirmed the diurnal sub- 
periodicity in this area using the data obtained in earlier days by Eyles, Rosen, Iyengar 
and Rageau. However, their method usually requires an exhausting amount of calculation 
to work out the peak hour of the periodicity and, without a computer, it is not practical 
to deal with data of many series. Aikat and Das (1977) solved this problem by modifying 
the model and simplifying the process of computation. Furthermore their method enables 
two separate periodicity curves to be compared. Apart from the difference in computation 
load, these two methods give essentially the same results (Tanaka, 1981). | 

The first study conducted at Vailuutai village with the h-d microfilaraemia group 
showed that the peak hour was 16. 54 hours (4:32 p. m.) and that the periodicity index 


was 35.31, confirming the diurnal subperiodicity of W. bancer ofti in Western Samoa, 
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The use of the 1m! NP meikod enabled the periodicity of l-d carriers to be studied 
and showed clearly, even without the test for equality, that the l-d microfilaraemia group 
had the same pattern of periodicity as the h-d group. When only the FP method was 
applied to analyse the l-d group, it revealed a different aspect of the periodicity, showing 
the periodicity index to be as high as 63.6. This is probably due. to the big fluctuation 
of counts when the mf density is near to zero, | 

Based on the periodicity curve obtained in Western Samoa, a trial was made to fix 
the optimum time interval for blood collection. It is stated that if microfilariae are 
randomly distributed in the circulating blood.at an average density of m per unit volume 
(i ml in the case of the NP method), the probability of obtaining a negative result in a 
unit volume of blood is expressed by the formu'a, | | 

P = e™ (e = 2.718) 

Using this formula and the periodicity curve for the h-d microfilaraemia group, which we 
regard as representative in Western Samoa, the probability of obtaining a negative result 
can be computed if a patient with an average M microfilariae/ml at the peak hour is 
examined by the NP method at different times Table 4). MÈ 6 (peak hour count is 6 
or more) was omitted from the table as the probabilities were small enough to be neglected. 

The table can be read in different ways. As an example, we imagine a population 
in which there are 10 carriers for each M = 1 or 2...5 (a total of 50 carriers). When 
this population is examined at the peak hour, 5.78 carriers out of the 50 will be found 
negative, If examined at 13:00 hours it is 6.80. However, an examination at 09:32 
hours will miss as many as 10.08 carriers. 

There is no accepted rule for determining the proper time interval for blood collec- 


tion from a periodicity curve. Taking account of the probability estimates shown above and 


Table 4. Probability of having a false negative result when subperiodic type 


microfilaraemia in Western Samoa is examined at different times 


Hours 04:32 09:32 13:00 Peak hour 20.00 23:32, 
| 16:32 
Percentage of mf count of the peak | 47 9% 67 1% “99 3% 100% 89.8% 67.2% 
hour count at different times pan ace i rn o SeA E 
0.478 0.671 0.898 M=1 0.898 | 0.672 
(0.620) (0.511) (0.407) (0.368) (0.407) (0.511) 
upper number: 7 | 
expected mf density at different. 0.956 1.343 1.796 ` M=2 1.796 1.343 
M/ml is 1, 2, 3, 4 or 5. a a ee Pe Oe ee ae ge ee eg ee 
= 1.434 2.014 2.694 M=3 2.694 2.015 
lower number in a parenthesis: (0.238) (0.133) (0.068) (0.050) (0.068) (0.133) 
probability of being negative, | : : : 
| | 1.913. 2.686 3.591 M=4 3.592 2.687 


(0.148) (0.068) (0.028) (0.018) 0.028) (0.068) ` 


2.391 3.357 4,489 M=5 4,490 - 3,358 
(0.092) 0.035) (0.011) (0.007) (0.011) (0.035) 
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the variability of the mf count at different times, which is also shown in Table 4 as per- 
centages of the peak-hour count, the collection interval was set from. 13:00 hours (1:00 
p.m.) to 20:00 hours (8:00 p.m.), During this time, the efficiency in detecting l-d car- 
riers is almost the same as examinations made at the peak hour, and the mf count will 
be about 90-100% of the peak-hour count, 

In the field situation in Western Samoa, where considerable numbers of l-d car- 
riers are likely to be encountered, and the detection of them is considered particularly im- 
portant, it would be necessary to carry out blood examinations using 1 ml NP method 
between 13:00 and 20:00 hours. This time period offers a fairly wide choice in the timing 
of surveys although it does exclude work in the forenoon. 

The comparison of periodicity curves from Ae. polynesiensis-dominant and Ae., 
samoanus-dominant villages revealed a statistically significant difference between the two 
curves, In the former village, the peak was about 2 and a half hours earlier than in the 
latter village, and the periodicity indices were respectively 35.31 and 21. 49. 

In Western Samoa, Ae. polynesiensis and Ae. samoanus are the two main vectors of 
filariasis. Ae. polynesiensis is active throughout daylight hours with increased biting densi- 
ties at around 08:00-09:00 and a rather sharp peak at about 17:30. This species is con- 
sidered to be a more efficient vector than Ae, samoanus. Ae, samoanus is a night biter 
with its biting peak at midnight (Samarawickrema, unpublished WHO report, 1980). 
Whether the statistical difference in the periodicities has any biological meaning in connec- 
tion with vector—parasite relationship is a difficult question that cannot be answered from 
observations on such a small number of subjects, In American Samoa, no difference of- 
periodicity was reported between a bush village where Ae. samoanus played a significant 
part in transmission and an open coastal village where Ae. polynesiensis was the only 
vector (Ramalingam, 1968). | | 

The delay in the peak hour of microfilaraemia in an Ae. samoanus-dominated village 
does not decrease the usefullness of the already fixed time interval for blood collection. 
Since the periodicity index is smaller in such a village, two and a half hour delay causes 


only slight change of the sensitivity in detecting l-d carriers. 
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